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We consider the standard gauge theory of Poincare group, realizing as a subgroup of
GL(5:R). The main problem of this theory was appearing of the elds connected with
non-Lorentz symmetries, whose physical sense was unclear. In this paper we treat the
gravitation as a Higgs-Goldstone eld, and the translation gauge eld as a new tensor
eld. The eective metric tensor in this case is hybrid of two tensor elds.
In the linear approximation the massive translation gauge eld can give the Yukava
type correction to the Newtons potential. Also outer potentials of a sphere and ball of
the same mass are dierent in this case.
Corrections to the standard Einshtein post Newtonian formulas of the light deflec-
tion and radar echo delay is obtained.
The string like solution of the nonlinear equations of the translation gauge elds
is found. This objects can results a Aharonov-Bohm type eect even for the spinless
particles. They can provide density fluctuations in the early universe, necessary for
galaxy formations.
The spherically symmetric solution of the theory is found. The translation gauge
eld lead to existence of a impenetrable for the matter singular surface inside the
Schwarzschild sphere, which can prevent gravitational collapse of a massive body.
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Most variational principles of current interest in physics are manifestly invariant under
the ten-parameter Poincare group
P10 = L6  T4;
where L6 is the six-parameter Lorentz group, T4 is the four-parameter translation group,
and  denotes the semidirect product. In addition P10 is the maximal group of isometries of
the Minkowski space-time. Soon after establishing of the gauge formalism for the groups of
internal symmetries gauge theories based on the P10 appear (see [1] and references therein).
The intrinsic diculties in gauging the P10 were arises immediately. The reason is that P10 is
not a semisimple group, and because it acts both on the matter elds and on the underlying
space-time manifold.
The gauge theories has most elegant form in the bre bundle formalism [2]. In this
formalism two kinds of the gauge transformations generally are considered:
1. Passive gauge transformations which remain the matter elds constant, but change
atlas of the bre.
2. Active gauge transformations, which transform the matter elds themself.
The standard gauge formalism and the principle of the local invariance is formulated for
the gauge transformations of the rst kind. In case of the internal symmetries to the gauge
transformations of the rst kind correspond gauge transformations of the second kind with
the same matrix form. So for the Yang-Millse elds gauge transformations usually are not
dierentiated.
As was mentioned above, diculties with the gauge transformations arises in the case
of space-time transformations, which acts on the derivative operators @, as well as on the
vectors of the tangent space on a space-time manifold. Here we have two types of the gauge
transformation of the rst kind.
a). Transformation of a atlas of the only tangent bundle.
The principle of relativity is formulated as the requirement of symmetry of the atlas of
the tangent bundle with respect to the general linear group. The principle of equivalence
reduces this group to the L6. This invariance of the theory besides of gauge elds - Lorentz
connection Γ , is provided by introduction of the metric eld g , or isomorphic to him
tetrad eld hA . The gauge transformation of this kind act on h
A
 from the left, transforming
index , which corresponds to the atlas of the tangent bundle. They also act on Γ , and on
the indexes of the covariant derivative operators. The invariance of the Lagrangian leads to
the conservation law for the energy-momentum tensor. This kind of transformations can be
connected with the gauge theory of gravity, but still remains open the question about gauge
status of the gravitational eld hA .
In this paper we consider the theory connected to the second type of the gauge transfor-
mations of the rst kind:
b). Transformation of a atlas of the only matter elds.
Invariance of the theory is provided by introduction of the only gauge elds. Bundle of the
matter elds is associated with the tangent bundle, so the principle of equivalence contracts
it structural group too. For the correlation of the symmetries of both bundles the structural
group of matter elds bundle reduces to the P10 immediately, in dierence with the tangent
bundle, where one must introduce the metric tensor g . So, except of the gauge elds of
L6, this theory contains gauge elds of translations . Gauge transformations of this type
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acted on matter elds, on the tetrad functions hA from the right, changing index A, which
corresponded to the atlas were elds are dened, and on Γ . They provides conservation
laws, usual for gauge theories. For this type of symmetries the physical mining of gauge
elds  was unclear.
Because of importance of the question we claim again that tetrad gravitational elds hA
and gauge eld of translations  can not be identied [3, 4]. Main dierence is that 

 has
both coordinate indexes and hA has one coordinate and one tetrad indexes. This results
dierent transformation laws of this elds under transformations of space-time groups. Also




 is single valued, h
A
 - with accuracy of Lorentz transformations
and so on.
The conventional gauge technique can be applied to the P10 if one ignore its physical role
as a dynamical group and looks at it as an abstract structural group of a bundle, providing
gauge transformations of rst kind, of type b). In this paper we follow the formalism of direct
gauging of the abstract Poincare group [5]. In dierence with this works gauge elds of P10
we don’t connect with the gravity, but treat as a new elds, describing new fundamental
interaction in the space-time.
The gravity in our scheme appear not as the gauge, but Higgs-Goldstone type eld [3],
usually considered in gauge theories. In the gauge gravitational theory the equivalence
principle leads to contraction of the structural group of the tangent bundle to the P10,
imitating the situation, which is analogous to the spontaneous symmetry breaking. Then
we can look upon the Minkowski metric eld as being the vacuum Higgs eld, and small
perturbations may play role of Goldstone elds. This metric perturbations can be identied
with the presence of a gravitational eld [3].
So our approach is hybrid of the two gravitational theories. The eective metric tensor
in our case depends on two tensor elds - gravitational eld and Poincare gauge elds. So we
generalize known scalar-tensor and vector-tensor theories of the gravitation (see references
in [6]).
In Section 2 we present a brief review in gauge theory of dislocations and disclinations in a
elastic medium. Section 3 develops the formalism of the gauge theory of the group GL(5; R)
and general form of equations of Poincare gauge elds are obtained. Then we consider only
the case when Lorentz gauge elds are zero. In Section 4 we express the theory of translation
gauge eld. In rest Sections 5, 6, 7 and 8 the solutions of translation gauge eld equations
and possible eects of this eld are considered.
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2 The gauge theory of dislocations and disclinations
The question about the physical sense of gauge elds corresponding to 3-rotations and
3-translations had been discussed also in the gauge theory of dislocations and disclinations
for the elastic medium [7]. Here we remind the main basis of this theory.
The gauge theory of dislocations and disclinations is based on the fact that dieomor-
phism
i = ui + ijx
j; i; j = 1; 2; 3; (2.1)
which characterizing displacement ui of the point xi of the elastic medium in the case of a
small deformation is determined only with the accuracy to local gauge transformations
i −! i + "ikl
kAl(x) +Bi(x); (2.2)
where Ai(x) and Bi(x) are local rotations and local translations. Corresponding gauge elds
W ij and 
i
j are forming plastic part 
P
ij of total distorsion








ij = @ji − "ikl
kW lj −ij ; (2.4)
coincides with the elastic distorsion ij. Gauge elds strengths


































to be gauge invariant quantities.























kDjk − ij (2.7)
is nonlinear tensor of deformations. In (2.6) coupling constants  and  corresponded to
Lame parameters, describing elastical properties of the media. Parameters a and b character-
izing the energies required in order to create "unit" dislocation and disclination, respectively.









































From the experiments is known, that disclination energy is large compared with the
dislocation energy and this is very large compared with the elastic energy. So, =a  a=b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1. Then in the rst order of this scaling parameters from (2.8) we get well known equation






i = 0; (2.11)
where strength tensor ji is expressed by elastic deformation (in the linear approximation)
eij = Diuj +Djui; (2.12)









Lame coecients  and  are positive and provided positiveness of the elastic energy.
Equations (2.9) and (2.10) are equations for dislocations and disclinations respectively.





and the source of disclination, besides of ij is the torsion of media also.
Dislocations appear in the second order approximation and only in the third and higher
order approximations do the disclination eld W ij enter the equations. So in case of a weak
deformation of the media disclinations are not created.
6
3 General theory
Success of the gauge theory of continuous defects [7], where a tangent vector corresponds
to the vector of medium displacement and gauge elds of 3-translations and 3-rotations
interpreted as dislocations and disclinations (linear defects of a crystal lattice), allows us to
interpret gauge elds of the nondynamical Poincare group as the "defects" of the space-time
manifold [4]. The gravity appeared in the our scheme as the Higgs-Goldstone eld, as in
papers [3].
The standard Yang-Millse gauge theory of the group P10 can be constructed by presenting







where L6 and T4 denote transformation matrices of the Lorentz group and translation group
respectively. This matrices induce dieomorphisms of the ve dimensional space - gauge
transformations of the second kind:






Let IA (A = 0; : : : ; 5) be the basis of the algebra of group L6 and e ( = 0; : : : ; 3) be








where WA and 

 are gauge elds of groups L6 and T4 respectively. Covariant derivatives














denotes distorsion for Poincare group, and (h−1) is it reverse matrix. Then elements of
length and volume in the Minkowski space can be transform to:







dV −! ~dV = hdV; (3.6)















By the connection (3.3) one can build up a Yung-Millse curvature for this case
R = dΓ + Γ ^ Γ: (3.9)
Then we can obtain curvatures corresponding to the L6 and T4 groups respectively:





 = d + CAW
A ^  : (3.10)






(A;B; ::: = 0; :::; 5; ; ; ; ::: = 0; :::; 3) (3.11)
of the Poincare group.
In the ordinary way we can get also the expression of the torsion tensor
S =  + FAIAx
 : (3.12)
So localization of the nondinamical Poincare group lifts Minkowski space into the non-
holonomic space and now in the every point we have two spaces, as in the bimetric theories






is not contain the gravitational eld. It constructed by means of the distorsion (3.5), both
indexes of which are coordinate and not with the tetrad gravitational eld hA . So our theory
diers from other gauge models of the Poincare group [1] by the fact that in our case the
distorsion h and torsion S

 depends on the translation gauge elds, as well as on the
Lorentz gauge elds WA , and diers from the model [5], where distorsion (3.5) is treated
as the gravitational eld. Gauge theory of GL(5; R) considered in this section must be
supplied various kind of Goldstone and Higgs eld appearing, which has not place in scheme
of theory [5]. In our model this elds connected to the gravitational eld g . In the presence
of gravitational eld background Minkowski space becomes the Riemann space. Then the






















where Γγ is ordinary Christoels symbols, appear to be hybrid of two elds - classical
gravitation eld and Poincare gauge elds. Thus our theory appears to be tensor-tensor and
modies known scalar-tensor and vector-tensor theories of gravity (see references in [6]).
A Poincare gauge elds is inserted into the Lagrangian of matter elds only via the
eective metric (3.14) and the eective connection (3.15).
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Let us consider that total Lagrangian LTOT of matter elds ’a and Poincare gauge elds
 ;W
A
 has the standard Yang-Millse structure
LTOT = hLmat(’
a; ~@’









We put for the convenience, that the gauge elds Lagrangian instead of  depends on the




 by the formula (3.12).












































whereM bAa are matrices of representation of elds ’
a induced by innitesimal transformations
of the Poincare group, and T  is the canonical energy-momentum tensor of matter elds ’
a.
From equations (3.18) we see that sources of the translation gauge eld  are the matter
energy-momentum tensor (rst term on the right side) and energy-momentum tensor of the
eld h itself (second term on the right side). From (3.19) we see, that sources of elds W
A

are the spin tensor of the matter (rst term on right side) and the tensor of spin of the eld
h (second term on the right side).
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4 Translation gauge elds
In the previous section the general form of equations of Poincare gauge elds was
constructed. Now we need to choose the Lagrangian of the theory. In the elastic media
disclinations appear only in the case of strong deformations (see the Section 2), so it is
reasonable to consider the case when the Lorentz gauge elds are zero
W  = 0: (4.1)













By analogy with the Lagrangian of the dislocation gauge theory (2.6) the Lagrangian of
the gauge translation eld  is proposed to consist the Lagrangian of displacement eld Lu,
under the gauge u = 0, and the Lagrangian L of the eld  itself. Since, under the gauge
u = 0,
Du
 = −; (4.3)
the Lagrangian Lu is reduced to algebraic combinations of elds  . By analogy with the














h − : (4.5)
The Lagrangian L represents all possible combinations from components of the strength














 + d"SγγSg; (4.6)
Here a; b; c; d are coupling constants.
To obtain constraints on the constants in the Lagrangian (4.6), now we consider the
linear approximation in  and assume the matter to be spinless. Then, variation of the
total Lagrangian
L = Lmatt + Lu + L (4.7)
















γ) + 2 + 
γ
γ = −T ; (4.8)
where T is the energy-momentum tensor of the matter elds.
The divergence of this equations with respect to the index  takes on the form:
2@ + @
γ
γ = 0: (4.9)
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It seems naturally to require that the divergence of the equation (4.8) with respect to
the second index  in the spinless case takes on the same form as equation (4.9) -
2@ + @
γ
γ = 0: (4.10)











on the constants in the Lagrangian L.


























The equation (4.9) has the form of the gauge condition. It’s analogous to the equilibrium
equation of the elastic media (2.11) . This equation can be obtained from the Lagrangian
by variation with respect of the eld u, which is a "displacement" in the bundle. Similar
to (4.9) conditions are considered in bimetric theories of gravitation [6, 8], but without any
connections to the variational principle.
If we take
 = −; (4.13)
then in the linear approximation, one can derive the equations for the symmetrical part,
e =  +  (4.14)














) = 0: (4.15)








and with the spin 2 and 0, as in the theory [8].
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5 Newton’s approximation
In the case of joint action of the gravitational eld g and the translation gauge eld 












In the linear approximation, when
g =  +  ; (5.3)







































T  : (5.5)
Here (5.4) are Einshtein equations in the Newton’s approximation, (5.5) are translation eld
equations (4.12) in the linear approximation for the symmetrical part (4.14), and a is the
coupling constant of the translation gauge eld.
For the energy-momentum tensor of the point mass M in the rest, i.e.
T 00 = M(r); T
i
 = 0: (5.6)








From the eective metric tensor
~g00 = 1 + 2(00 + e00) (5.8)
we obtain the modication of the Newtonian gravitational potential







Such a modication of the Newton’s potential (whose experimental verication received
much attention in the 80s) is usually related to the hypothetical "fth" fundamental force [9].
This interaction must be described by massive classical eld. The mass expressed by means
of the constants  and , having the sense of coecients of "elasticity" of a space-time,
and can be unusually small. On the experimental side, existing laboratory, geophysical and
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astronomical data (see references in [9]) make restrictions on the value of coupling constants
of the translation gauge eld
a < G; m < 10−8ev; (5.10)
where G is the gravitational constant.
Note that the potential (5.8) with parameters a=8G  −1 and 1=m  10kpc may
contribute to the problem of mass discrepancies in galaxies [10].
Another eect of the massive translation gauge eld in the Newtons approximation can
be the dierence of the elds of a ball and sphere of the same mass.
For the ball of the uniform density
T = T 00 = ; (5.11)

































) + sinh(mr)]g: (5.13)












So outer potentials for the uniform density ball and sphere are dier from each other in
the case of the massive translation gauge eld.
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6 Post Newtonian approximation
To nd post Newtonian approximation of the our theory we must solve nonlinear
equations of the gravitational eld and Poincare gauge elds and then divide them in the
line with respect of the post Newtonian parameter  10−6. It is dicult way. We can use
the dierent method using the fact, that Newton’s potential V = MG=r in the Sun system
has the order of the post Newtonian parameter and can be used as the parameter of division.
In the calculations of the light deflection and radar echo delay we can restrict ourself by the
rst order of V , what corresponds to the linear approximation. Thus in calculations of the
post Newtonian approximation we can use linear equations of translation gauge elds (5.5).
We had used this equation when nding corrections to the Newton potential. In dier of
the that case we must use all and not only zero-zero components of this equations. We shell
consider the spherically symmetrical case when e and T  depends only on ~r, and regarding
the source as "pointlike", i. e. of all the components T  , assume dierent from zero only
the component
T 00 = −M(r): (6.1)
To nd spherical form of equations (5.5) is not easy without using there nonlinear form.
























T  : (6.2)
Using this identities and the equation of conservation of the energy-momentum one can


































T  : (6.4)
From the equation (6.3) we noticed that in the spherically symmetrical case (6.1) non-
diagonal components of the eld e are zero. From equation (6.4) we see, that components
e; e

 in this case also are zero.







































































 = 0; e

 = 0 ( 6= ):
Using solutions (6.10) and solution of the Einshtein equations in linear approximation
(5.3) -
tt = −V = −
GM
r





 = 0; 

 = 0 ( 6= ); (6.11)
we can belt the eective metric tensor of the theory in the linear approximation
~g =  + 2(e + ); (6.12)
in the form:









2; ~g = −r
2 sin2 :









Here ~Γ are eective Christoel symbols builded by eective metric (6.13). Then by stan-
































in elds of the spherical mass. Putting the solution (6.13) in this equations, in the linear












































where K0(x) = lim!0K(x) is a MacDonald’s function of the zero order. First terms in
this expressions are values of in the Einshtein theory and second terms are corrections by
the translation gauge eld.
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7 The string like solution
The analogy with the linear defect in crystals leads to the search of the string like solution
of the theory. Two-dimensional objects, for example cosmic strings, are considered in eld
theories. They are solutions of the hypothetical charged scalar eld equations and suggested
to appear in early stages of the universe expansion. Due to specic form of the string core
energy-momentum tensor





T  ; (7.1)
strings does not act gravitationally with the surrounding matter. For the cosmic string the
solution of Einshtein equations in cylindrical coordinates are:
ds2 = (dt− d)2 − dr2 − r2b2d2 − dz2: (7.2)
This solution globally corresponds to the cone, but is locally flat [13].
It can be checked, that in the vacuum (T = 0) nonlinear translation gauge eld equa-













where  is arbitrary constant. Indeed, in this case components of the torsion tensor (4.2)
and, thus the Lagrangian (4.6) are zero. Nonzero components of (4.5) are:








Thus the Lagrangian (4.4), and combinations e and eγh
γ
 are also zero, and equations
(4.12) are satised identically.
The components of the eective metric tensor (3.14), without inserting there gravity, for
the solution (7.3) in cylindrical coordinates has the form:
~gtt = −~grr = −~gzz = 1;
~g = −r
2; (7.5)
~gz = −~gt = :












~gz = ~gt = −

r2





Calculation of the energy-momentum tensor and eective interval for the solution (7.3)
gives:











We see that this result is similar south for the cosmic string (7.1) and (7.2). It means
that solution (7.3) corresponds to the string like object in the space-time.
Now let’s consider motion of particles in the string like solution (7.3). The scalar eld
 motion equation in the external translation gauge eld, expressed by the eective metric
tensor (7.6) is:
(~g@@ + 
2) (x) = 0: (7.8)
We search the solution in the form:
















[m+ (k + !)]2
r2
+ P 2g’(r) = 0; (7.10)
where P 2 = !2 − k2 − 2. This is a Aharonov-Bohm equation, having the solution:








In this expression signs  correspond to particles going around the string from dierent
sides. We get analogy of the Aharonov-Bohm eect: in spite of absence of the string eld
strength outside the core, particles feel this eld (the interference pattern changes behind
the string). Here the eect exists even for spinless particles.
Another possible application of the string like translation gauge eld can be galaxy for-
mation. So far in the cosmology existed two mechanisms of generation of density fluctuations
on which afterwards were formed galaxies. First of them basing on a inflation scenario con-
nects density fluctuations with quantum fluctuations of the Higgs eld in the early universe.
Such approach requires the introduction of a dark matter of vague nature. Alternatively
the second mechanism considers galaxy formation on strings loops, might be born during
phase transition in the early universe and were evaporated due to the gravitational radiation
[13]. But in this approach must be allowed existence of the some scalar eld forming the
cosmic string. The translation gauge eld can serve as the new approach which leads to the
stable density fluctuations in the early universe. In the dierence of other models the trans-
lation gauge eld appears in the theory from fundamental principles and does not require
the introduction of supplementary elds.
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8 Spherically symmetrical solution
To the end of this paper we want to nd a spherical-symmetrical solution of nonlinear
system of equations of the gravitational eld and translation gauge eld (4.12) in outer region
of the spherically symmetrical source, i.e. for the case
T  = 0: (8.1)
In this section we consider that Lorentz gauge elds are zero -WA = 0, and the translation
gauge eld has not mass, so constants  and  also are zero.
In the equations of translation gauge elds (4.12) we put







0 = 0 (i; j = 1; 2; 3): (8.2)
From the formula (4.2) we can nd all nonzero components of eld strength









yz = @yB; (8.3)
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From the latter three equations we have:
A(r) = −B(r): (8.5)
Then all of equations (8.4) are satised but rst, which gets the form:
4A(r) = 0: (8.6)












i = 0; i; j = 1; 2; 3: (8.7)
Here c is intagrable constant which must be xed by boundary conditions. In spherical










 = 0: (8.8)
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2; g = −r
2 sin2 ; (8.9)
where E also is a intagrable constant.
Using the denition of the eective metric (3.14) we have:















2; ~g = −r
2 sin2 :
Values for constants c; E in this expressions can be obtained from the Newton’s approx-
imation. For the massless translation gauge eld in the Newton’s approximation we have:




where M is mass of the source, G is gravitational constant and a is the gauge eld constant.
So we have
E = −2MG; c = 2Ma: (8.12)

















2; ~g = −r
2 sin2 :
At the end of this section we want to consider a gravitational collapse problem. From
the solution (8.13) one noticed, that, since we have relations (5.10), inside the Schwarzschild
sphere
r = 2MG; (8.14)
which is half-penetrable for the matter to the singular point
r = 0; (8.15)
there exists second, the real singular surface
r = 2Ma; (8.16)
which is impenetrable for the matter. Indeed equations of the translation gauge eld don’t
let Kruskal like coordinate transformations, because of the translation gauge eld is single
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valued and it can’t be removed from the eective metric by coordinate transformations. Also
determinant of the gauge eld
det( + 








on the sphere (8.16) is singular. So existence of the translation gauge eld avoid the collapse
problem.
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